Introduction
The relative frequency of AIDS, non-AIDS and deaths of persons with HIV has changed significantly since the advent of combination antiretroviral therapy (cART), with the proportion of AIDS and AIDS-related mortality decreasing and the proportion of non-AIDS events increasing [1] [2] [3] . The role of immune deficiency and uncontrolled HIV viraemia in both AIDS and non-AIDS events is now well established [4] [5] [6] [7] , with a near-normal life expectancy in those with well controlled HIVinfection [8] [9] [10] and evidence to show that HIV positive (HIVþ) persons no longer experience an increased risk of AIDS or death when the CD4 þ cell count increases above 500-750 cells/ml [11] [12] [13] .
As persons with HIV live longer, the role of ageing plays an increasingly important role. Older persons have less ability to reconstitute CD4 þ cells [14] , possibly due to a decline in thymus function associated with ageing [15, 16] . Long-term management of comorbidities in HIV-positive persons, as well as their HIV infection, becomes increasingly important and is now included alongside recommendations for antiretroviral treatment in both United States and European HIV treatment and management guidelines [17, 18] . Importantly, there is little known about whether the relative contribution to morbidity and mortality within age groups differs for those with controlled or uncontrolled HIV, which might provide an insight into ageing and HIV pathogenesis.
The underlying incidence of AIDS and non-AIDS events varies considerably across regions of Europe [19] , likely due to regional differences in pathogens as well as clinical management and access to care, but whether there are important differences across regions comparing those with controlled or uncontrolled HIV infection is unknown. Equally, the difference in risk of AIDS and non-AIDS for those with controlled or uncontrolled HIV might have widened or narrowed over calendar time, given the significant improvements in cART and management of HIV seen over the past decades.
We hypothesized that there would be differences in AIDS and non-AIDS events between those at low and high risk according to age, region of Europe and calendar year of follow-up. This would address the relative importance of biological ageing versus controlled HIV when considering the differences within age groups, and the role of controlled HIV and clinical management when considering differences within regions of Europe or changes over calendar time. To our knowledge, this is a novel way of looking at AIDS and non-AIDS events. The aims of this study were therefore to identify whether risk of HIV disease progression comparing controlled and uncontrolled HIV was different across age groups, year of follow-up or European regions of care between 2001 and 2016.
Method Patients
EuroSIDA was initiated in 1994 and is a prospective study of 23 071 HIV-1-infected persons at 116 centres across Europe, Israel and Argentina; further details are available at http://www.cphiv.dk/Ongoing-Studies/EuroSIDA/ About. To date, 10 cohorts of HIVþ individuals have been recruited. Data are collected prospectively at clinical sites and is extracted and sent to the coordinating centre at 12 monthly intervals. For cohorts I-III, eligible persons were those who had had a CD4 þ cell count below 500 cells/ml at recruitment or during the previous 4 months. The CD4 þ cell count restriction was removed for cohorts IV onwards. Cohort 10 only includes persons coinfected with hepatitis C and HIV. At recruitment, in addition to demographic and clinical information, a complete antiretroviral treatment history is obtained, together with the most recent CD4 þ cell count and plasma HIV-RNA measurements. At each follow-up visit, details on all CD4
þ cell counts and plasma HIV-RNA values measured since the last follow-up visit are extracted, as are the dates of starting and stopping each antiretroviral drug received and the use of drugs for prophylaxis against opportunistic infections. AIDS events were diagnosed using the clinical definition from the Centers for Disease Control [20] . Cardiovascular events, non-AIDS malignancies, end-stage liver disease and endstage renal disease were included as non-AIDS events [21] and fatal events were classified as AIDS or non-AIDS [22] . Participating countries were grouped into Southern
Statistical methods
As prospective and quality assured data on non-AIDS events began in 2001, individuals were included from the latest of recruitment to the study or 1 January 2001 (study baseline). Persons were followed to last clinic visit or death (median June 2016 for persons included in these analyses). Individuals without prospective follow-up after baseline were excluded, as were those without a CD4 þ cell count or viral load in the 6-month prior to baseline. Each person could experience more than one event, but not repeated events of the same type. For example, a person diagnosed with non-Hodgkin lymphoma on two separate occasions would only contribute one AIDSdefining event to analyses, whereas a person defined with breast cancer and liver cancer would contribute with two events.
cART was defined as at least three antiretrovirals from any class. Risk of clinical progression was stratified into three groups defined a priori; high risk (viral load !10 000 copies/ml and CD4 þ cell count 350 cells/ml), low risk (viral load <50 copies/ml and CD4 þ cell count >500 cells/ml) and intermediate risk (all other combinations of CD4 þ cell counts and viral loads). Person-years of follow-up (PYFU) and clinical events were allocated to one of these three strata and allowed to vary over time; thus, PYFU were allocated according to the most recent CD4 þ cell count and viral load measured, using the last value carried forward. The median time between CD4 þ cell counts and viral loads among patients included was 3 'months [interquartile range (IQR) 2-5 months], with 97 and 96% of CD4 þ cell counts and viral loads, respectively, measured with less than 12 months apart.
The incidence of AIDS and non-AIDS events within these strata were calculated and Poisson regression was used to determine the adjusted incidence rate ratios (aIRRs) of those at high risk compared with those at low risk, after adjustment for confounding variables. Generalized linear models were adjusted for persons experiencing more than one event. A priori our primary hypothesis was that there were important differences between those at high, [21] for definitions). Models were additionally adjusted for non-AIDS events when AIDS was the primary endpoint and AIDS events when non-AIDS was the primary endpoint, both as time-updated covariates.
All analyses were performed using SAS version 9.4 (Statistical Analysis Software; SAS Institute, Cary, North Carolina, USA).
Results
Characteristics and crude incidence rates of clinical progression A total of 16 839 persons were included in analyses, summarized in Table 1 . At baseline, which was significantly later for those at low risk, 3990 (23.7%) were at low risk of disease progression, 11 091 (65.9%) at intermediate risk and 1758 (10.4%) at high risk according to the predefined risk strata. Median age at baseline was 40 years (IQR 34-48), and median nadir CD4 þ cell count was 250 cells/ml (IQR 123-403 cells/ml). The majority of individuals were men (n ¼ 12 468; 74.0%), infected with HIV through homosexual exposure (n ¼ 6482; 38.5%) and of white ethnic origin (n ¼ 14 587; 86.6%). Each of the European regions of care was well represented, although the number of persons from Eastern Europe at low risk of disease progression was low.
The median follow-up was 7.9 years (IQR 3.2-13.5 years). During 136 688 PYFU, there were 1693 AIDS events and 3282 non-AIDS events, giving crude incidence rates of 12.4 [95% confidence interval (CI) 11.8-13.0/1000 PYFU] and 24.0 (95% CI 23.2-24.8/ 1000 PYFU), respectively, as summarized in Table 2 . Among the non-AIDS events, deaths from non-AIDS causes was the most frequent event (1323, 40.3%), followed by non-AIDS-defining malignancy (840, 25.6%), cardiovascular disease (814, 24.8%), end stage liver disease (243, 7.4%) and end stage renal disease (62, 1.9%). During 2001 During -2004 .9% of the follow-up was among those at low-risk increasing to over 55.8% during 2013 or later. The proportion of follow-up at high-risk decreased from 9.4% in 2001-2004 to 2.0% during 2013 or later. As expected, there was a strong gradient of increasing incidence as you moved from low to high risk. The incidence of AIDS increased from 2.9/1000 PYFU in those at low risk to 104.7/10 000 PYFU in those at high risk, a 36-fold difference. The incidence of non-AIDS events increased from 16.1/1000 PYFU in those at low risk to 49.5/10 000 PYFU in those at high risk, a three-fold difference. Table 2 also shows the considerable differences in the incidence of AIDS or non-AIDS events between those at high, intermediate and low risk as well as within age groups, calendar year of follow-up or European region of care.
Differences between those at high and low risk of HIV disease progression across age groups Table 2 shows the crude incidence rates of AIDS and non-AIDS events, which suggest there may be important differences within age groups when comparing those at high, intermediate and low risk of both AIDS and non-AIDS events. After adjustment, persons aged 30 years or less and at high risk at had a six-fold increased incidence (aIRR 6.13; 95% CI 1.87-20.08) of a non-AIDS event compared with those at low risk, whereas older persons has a two-to-three-fold increased incidence (Fig. 1a) . The difference in risk of a non-AIDS event between those at high, intermediate and low HIV risk significantly decreased as persons aged ( Fig. 1a , P < 0.0001, test for interaction), driven largely by the differences in the youngest age group. There were no differences comparing high-risk, intermediate-risk and low-risk groups across age groups for AIDS events (P ¼ 0.57, test for interaction, Fig. 1b ). For example, after adjustment, persons aged 30 years or less and at high risk of AIDS had a 20-fold increased incidence of AIDS events (aIRR 20.51; 95% CI 7.10-59.27) compared with those at low risk, whereas those aged more than 50 had a 23-fold increase (aIRR 95% CI 16.87-32.13).
Differences between those at high and low risk of HIV disease progression across European region of care After adjustment, there were no significant differences between those at high, intermediate and low risk of AIDS events when comparing across European region of care (P ¼ 0.090, test for interaction), as shown in Table 3 . In all regions, compared with those at low risk those at intermediate risk had approximately a three-fold increased incidence of AIDS after adjustment, increasing to around a 15-20-fold increase for those at highest risk. Low risk: CD4 þ cell count at least 500 cells/ml and viral load less than 50 copies/ml. High risk: CD4 þ cell count 350 cells/ml or less and viral load more than 10 000 copies/ml. Intermediate risk: all other CD4 þ cell count/viral load combinations. Baseline was the later of 1 January 2001 or enrolment in EuroSIDA. IDU, intravenous drug user; IQR, interquartile range. Although the difference between those at high, intermediate and low risk of AIDS events appeared slightly different in Eastern Europe, the CIs were wide and the test for interaction was not statistically significant (P ¼ 0.090).
In contrast, we found a difference for non-AIDS events (Table 3) [21] for definitions). Models were additionally adjusted for non-AIDS events when AIDS was the primary endpoint and AIDS events when non-AIDS was the primary endpoint, both as time-updated covariates. [21] for definitions). Models were additionally adjusted for non-AIDS events when AIDS was the primary endpoint and AIDS events when non-AIDS was the primary endpoint, both as time-updated covariates. aIRR, adjusted incidence rate ratio; CI, confidence interval.
five-fold difference in 2013 or larger (P < 0.0001, test for interaction). For AIDS events, there was a similar pattern, with the difference between those at low and high risk being 17-fold in 2001-2004 and 25-fold in 2013 or later, although the test for interaction was marginally statistically significant (P ¼ 0.060).
Sensitivity analyses
We repeated analyses considering fatal and nonfatal clinical events separately, and redefining the risk strata using a viral load detection limit of 500 copies/ml to classify those at lowest risk, that is viral load less than 500 copies/ml and CD4 þ cell count more than 500 cells/ml, with consistent results. The results were also similar if the CD4 þ cell count and viral load value used to define the HIV risk strata were carried forward for a maximum period of 1 year.
Discussion
Although it is well established that there are differences in clinical events between those at high, intermediate and low risk, to our knowledge, this is one of the first studies to look whether this difference varies within age groups, European region of care or calendar period of follow-up.
Controlled HIV infection, biological ageing and clinical disease
We found a large difference in the incidence of non-AIDS events between those at high, intermediate and low risk those aged 30 years or less, and this difference was consistently lower among older persons. Young persons aged 30 years or less, with or without HIV, are at a generally low risk of comorbidities such as malignancies and cardiovascular disease. HIV infection itself, and specifically whether it is controlled or not, likely plays a greater role in the development of comorbidities. The difference between those at high, intermediate and low risk of non-AIDS events likely changes as persons age primarily due to non-HIV related risk factors associated with ageing itself, such that the normal ageing process is the dominating factor. Infection with HIV may accelerate ageing, and comorbidities occur at an earlier age than seen in HIV-negative persons [23, 24] . Contributing factors include immune activation, immune dysfunction and inflammation, as well as exposure to cART [25] [26] [27] . Conversely, older persons are at a greater underlying risk of comorbidities, and as a consequence control of HIV infection may have less impact on the risk of developing non-AIDS events and other risk factors such as smoking, alcohol use, lifestyle and diet may have a greater impact.
The difference between those at high, intermediate or low risk of AIDS events was similar in all age groups, with a large increase in incidence moving from uncontrolled to controlled HIV, regardless of age. This demonstrates that AIDS events are closely linked to uncontrolled HIV and exposure to the pathogens causing AIDS-defining events rather than the age of the person. Our findings highlight the importance of appropriate HIV control for reducing the incidence of AIDS and that persons with uncontrolled HIV are at a high risk of an AIDS event, regardless of age.
Controlled HIV infection, European region of follow-up and clinical disease Any differences between those with uncontrolled and controlled HIV and risk of AIDS or non-AIDS events in different European regions of care can most likely be [21] for definitions). Models were additionally adjusted for non-AIDS events when AIDS was the primary endpoint and AIDS events when non-AIDS was the primary endpoint, both as time-updated covariates.
attributed to quality of care, both for HIV and other comorbidities. We found important regional variations in non-AIDS events, with the biggest difference between those at low, intermediate and high risk in Eastern Europe, although the wide CIs should be noted due to comparatively shorter follow-up, and the smallest differences in Western and Northern Europe, but no significant differences for AIDS events.
These differences in non-AIDS events likely reflect differences in approach to clinical management of HIV [28] . In regions with good clinical management, adequate screening programmes, resources for managing HIV and comorbidities and with a good health infrastructure, you would expect to see smaller differences in the risk of non-AIDS events when comparing those with uncontrolled and controlled HIV. There are well recognized differences in both HIV and non-HIV-associated mortality and morbidity across regions of Europe [19, 29] , and these differences are likely to impact on the risk of non-AIDS events in those with uncontrolled and controlled HIV differently. Differences in health policies, quality of care and patterns of health in those from different socioeconomic groups vary across regions of Europe. For example, in Western Europe (South, West and North combined in these analyses) smoking, lung cancer and cardiovascular disease is decreasing [30] but changes have been slower in Eastern Europe [29] . There is a high proportion of persons from Eastern Europe infected with HIV through intravenous drug use [31] , with a high prevalence of multidrug resistant tuberculosis [32] which may reflect socioeconomic circumstances or access to care which will also impact on the development of non-AIDS events. Management of HIV-positive persons in Eastern Europe requires a multidisciplinary and coordinated approach to retain individuals in care, and to maintain adherence to antiretrovirals in a setting where HIVþ persons may have less engagement with healthcare settings [33] .
The fact that differences in AIDS events between those at low, intermediate and high risk was similar in different European regions of care highlights again that the development of AIDS is more strongly linked to uncontrolled HIV and that persons with uncontrolled HIV are at a high risk of AIDS events regardless of which region of Europe they are followed up in.
Controlled HIV infection, calendar time and clinical disease
The difference between those with at high, intermediate and low risk of non-AIDS events was greatest in 2013 or later. A similar pattern was seen for AIDS events, but the test for interaction was marginally statistically significant (P ¼ 0.060). There has been an increase over time in durability of cART, both in terms of sustained virologic suppression and in efficacy and tolerability of newer antiretrovirals [34] [35] [36] . This likely means that those under follow-up between 2013 and 2016 at low risk of non-AIDS, with low viraemia and high CD4 þ cell count, have a lower viral load and are better monitored for HIV disease and comorbidities, as focus has changed to monitoring for comorbidities and management of HIV as a chronic disease [17, 18] . Those at high risk between 2013 and 2016 with high viral loads and lower CD4 þ cell counts, likely have quite different characteristics to those at high risk during earlier years. They may be more likely to be individuals with a complex medical history, with adherence problems, and potentially on salvage regimens.
It is important to note some limitations. EuroSIDA has recruited 10 cohorts of HIV-positive individuals, and it is likely those recruited later are at lower risk of disease progression, partly shown by the later baseline date of those at low risk. Centres participating in EuroSIDA are not necessarily representative of the European region as a whole, and are centres of excellence, and we may be underestimating the differences between those with uncontrolled and controlled HIV for both AIDS and non-AIDS events. Our analyses are based on studying whether the relationship between controlled and uncontrolled HIV and factors of interest (age, region and calendar year of follow-up) differ, that is whether there is a significant interaction, rather than how uncontrolled or controlled HIV affects the risk of AIDS or non-AIDS events. Interaction analyses such as these are typically underpowered, which is why a large study such as EuroSIDA is needed for adequately powered analyses, but should also be planned a priori, before analyses begin, as in the present analysis.
In conclusion, for the first time, our results highlight that as person's age, factors other than optimal control of HIV become more important for predicting non-AIDS events, demonstrating the role of biological ageing, whereas the development of AIDS is much more dependent on uncontrolled HIV in all age groups. The differences in non-AIDS events for those at low, intermediate or high risk in different European regions of care likely reflect differences in clinical management as well as underlying socioeconomic circumstances. The lack of differences between those at high, intermediate and low risk of AIDS in different European regions highlights the essential role of controlling HIV infection and starting and maintaining individuals on an effective treatment regimen. The increasing difference in non-AIDS events between those at high, intermediate and low risk over time likely reflects better care, monitoring and management of both HIVand comorbidities for those with well controlled HIVand that continued improvements in management and HIV control are needed for those at highest risk.
